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 2. Abstract (Roughly 2,000 Japanese characters or 800 English words) 
   Ultrasound is one of the low cost, and accurate technique used in clinical practice 
to diagnose bone characteristics such as bone mineral and bone thickness. In the 
determination of the bone thicknesses, many researchers successfully implemented pulse 
echo technique using a pair of transducers that used as a transmitter and receiver. Bone 
thickness information is useful for the surgeons in fixing pedicle screws in place. The 
quality of pedicle screw insertion continues to increase with the introduction of such 
techniques as navigation based on computed tomography and fluoroscopy. These 
techniques reduce error in pedicle screw placement and injury compared to free-hand 
technique. A computed tomography machine is commonly used in preoperative and 
postoperative tasks. While, fluoroscopy machine is used in intraoperative task to navigate 
the pedicle screw. However, it needs expertise to handle the fluoroscopy machine because 
the accuracy of the machine is low due to 2D data produced by the machine. Error of 
screw placement commonly happened due to inappropriate setting of the machine. An 
automated system was developed using an ultrasound transducer to determine the 
position of bone screw in order to solve the problem.                  
   Signal processing technique is needed to analyze the ultrasound signal. The 
modified version of the wavelet decomposition algorithm was proposed to analyze the 
multiple echoes of ultrasound signal. This algorithm was recognized as a wavelet 
decomposition processing method (WDPM). Combination of detail coefficients within  
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certain levels were used in order to detect the reflected echoes. The flight time of signal 
travels through specimen was determined using a combination between peak detection 
algorithm and WDPM. Therefore, the thickness of the specimen could be performed. An 
ultrasound transducer was developed for a specific diameter in order to apply in clinical 
application. Three versions of ultrasound transducers with different diameter were 
designed and tested in experimental studies. The diameter size of transducer plays 
important role in receiving the echoes. The small diameter of transducer allows limited 
echoes to be received. Therefore, the amplitude of receiving echoes was low for smaller size 
of transducer compared to the transducer that having a bigger size of the diameter.    
   The monitoring system of pedicle screw insertion through the vertebrae was main 
objective of this study. However, one of the main concerns in achieving the objective was 
the physical properties of bone. This study was focused on the cancellous and cortical 
thickness measurement, and the optimum thickness of cancellous bone that could be 
measured. The measurement of bone thickness has been performed using several methods 
of ultrasound based. Pulse-echo mode was the common technique used by previous 
researchers and has been applied in this study. An ultrasound transducer has been placed 
in front of the specimen and reflected echoes from specimen surface was used to determine 
the flight time of signal travels through the specimen. Through-mode was placement of 
two ultrasound transducers in the opposite direction, and the specimen was placed 
between the two transducers. Through-mode could not be applied in surgical procedure 
due to unavailable space to place the transducer behind the spine. Hence, pulse-echo mode 
is chosen, however the echoes could not be received by the ultrasound receiver in thick 
cancellous bone. Different position method (DPM) has been proposed in order to overcome 
this problem. This method requires bone to be drilled for specific thicknesses.        
   Cancellous bone has a large area and porous that giving the spongy appearance and 
light. Hence, it was called as trabecular bone or sponge bone. This structure causes a 
transmitted signal by the ultrasound transducer into the cancellous bone area could not be 
reflected back to the transducer. The signal was attenuated and absorbed into the 
cancellous bone. However, this study has revealed the ability of ultrasound transducer to 
identify the reflected echoes on the back surface of cancellous bone. The generated echoes 
was dependent on the size of specimens, and it was valid for a specimen having a thin 
cancellous bone. Therefore, a study of measuring the optimum thickness of the cancellous 
bone was conducted.                                 
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   Insertion of pedicle screw requires a pilot hole as a guidance in order to place the 
screw into desired position. We noticed that, the depth of pilot hole affects the pullout 
strength of the screw. An important study has been carried out to determine the 
correlation between drilling depth of the pilot hole and pullout strength of the screw. The 
ultrasound system was used to determine the boundary between cancellous and cortical 
area. Therefore, the pilot hole has been drilled up to the boundary or inside cortical area 
depends on the cortical thickness. The screw was then placed through the pilot hole and 
the obtained results show that the pullout strength of the screw was higher in the cortical 
bone compared to cancellous bone. Moreover, the error of screw placement could be 
avoided.                                       
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
                                          
 
